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Specification 

1. [TITLE OF THE INVENTION] 

PRODUCTION METHOD FOR HIGHLY WATER-ABSORBING POLYMER MATERIAL 
WITH IMPROVED WATER-ABSORBING RATE 

2. CLAIMS 

[Claim 1] A method for producing a highly water-absorbing' 
polymer material with improved water-absorbing rate, 
characterized by coating the highly water-absorbing polymer 
material with a water-soluble polymer and/or a water-soluble 
surfactant. 

[Claim 2] The method for producing the highly water-absorbing 
polymer material according to claim 1, wherein the water-soluble 
polymer is polyvinyl alcohol, polyethylene oxide, polyethylene 
glycol, polypropylene glycol, polyacrylamide, methylcellulose, 
ethylcellulose, carboxymethyl cellulose, hydroxyethyl 
cellulose, hydroxypropyl cellulose, dextrin or sodium alginate . 
[Claim 3] The method for producing the highly water-absorbing 
polymer material according to claim 1, wherein the water-soluble 
surfactant is a nonionic-type surfactant. 

[Claim 4] The method for producing the highly water-absorbing 
polymer material according to claim 1, wherein the highly 
water-absorbing polymer material comprises a monomer unit of 
acrylic acid and/or an alkali metal salt thereof, at least in 
the main chain. 
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[Claim 5] The method for producing the highly water-absorbing 
polymer material according to claim 1, wherein the highly 
water-absorbing polymer material is a polymer material obtained 
by subjecting acrylic acid and/or an alkali metal salt thereof 
to reversed phase suspension polymerization of a water in oil 
type, where a dispersion stabilizer is added in oil, in the 
presence or absence of a cross-linking agent. 
2. DETAILED EXPLANATION OF THE INVENTION 

The present invention relates to a production method for 
a polymer material excellent in water-absorbing property, 
having capability of absorbing a large quantity of water 
(hereafter referred to as hydrogel) , and it is an object of the 
present invention to provide hydrogel which is capable of 
absorbing as large quantity of water as possible in a short period 
of time in contacting with water. 

In recent years, with progress of utilization of a 
hydrophilic polymer material to medical industry, foods 
industry or agricultural fields, in particular , water-irisoluble, 
and hydrophilic or water-absorbing hydrogel has been used in 
a separation and purification material such as various membranes 
or a liquid chromatography carrier, an enzyme immobilization 
carrier, culture medium for microorganisms or plants, a medical 
use material such as a contact lens or a suture cover, or various 
applications utilizing water-absorbing property or water 
retention characteristics. 

Among these applications, as a hydrogel used in application 
fields utilizing, in particular, water-absorbing property or 
water retention characteristics, it is desired to have 
capability of absorbing as large quantity of water as possible 
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in a short period of time in contacting with water. In 
particular, for hydrogel used in hygienic goods such as sanitary 
napkins or diapers, one having high water-absorbing rate in 
contacting with water has been required. 

As a typical method for producing hydrogel, there has been 
known a method for cross-linking a water-soluble polymer 
substance using a cross-linking agent, or a method for modifying 
to water-insoluble property by substitution of a part of 
hydrophilic groups with hydrophobic groups, and other methods, 
and there have been proposed hitherto several materials using 
natural or synthetic polymer substances such as a cross-linked 
substance of polyethylene oxide, polyacryiic acid, polyvinyl 
pyrrolidone, sulfonated polystyrene, poly (sodium acrylate) 
etc.; a cellulose derivative; a saponified substance of 
poiyacrylonitrile; a saponified substance of a graft copolymer 
of starch-acrylonitrile; or a saponified substance of a 
copolymer of a vinyl ester and an ethylenic unsaturated 
carboxylic acid or a derivative thereof. 

Water-absorbing rate of these hydrogel receives influence 
of the surface area thereof. In the case of constant volume 
(weight) , the larger hydrogel particle provides the smaller 
total surface area, as compared with a smaller particle, and 
the smaller surface area for contacting with water retards time 
for absorbing constant weight of water by constant weight of 
hydrogel. On the contrary, the smaller hydrogel particle 
provides the larger total surface area, and the larger surface 
area in contacting with water increases water-absorbing rate. 
In addition, in comparison based on particles having nearly the 
same size, an irregular and porous one provides larger surface 
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area and higher water-absorbing rate than a spherical one. 

However, a small hydrogel particle incurs, what is called, 
"undissolved lump of flour" phenomenon, when contacted with 
water, and may generate a case where water-absorbing rate is 
not necessarily increased. 

The present inventors have intensively studied a way to 
increase water-absorbing rate of hydrogel, under the 
above-described circumstances, and have thus completed the 
present invention. 

That is, it is an object of the present invention to provide 
hydrogel with high water-absorbing rate, which is capable of 
rapidly swelling with water, in contacting with water, without 
generation of "undissolved lump of flour" phenomenon, even when 
hydrogel particle size is small. 

' According to the present invention, it can be attained by 
coating the hydrogel with a water-soluble polymer and/or a 
water-soluble surfactant. 

High water-absorbing rate of the hydrogel obtained 
according to the present invention is considered to be because 
the water-soluble polymer and/or the water-soluble surfactant, 
which coat the hydrogel surface, probably improve wettability 
of the hydrogel by water, in contacting the hydrogel with water. 

Explanation will be given below in detail on the present 
invention. 

The hydrogel used in the present invention swells from 
several times to thousand and several-hundred times by absorbing 
water, and it may be any material as long as it is water-insoluble. 
For example, there is included substance such as a saponified 
substance of a graft copolymer of starch-acrylonitrile (USP No. 
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34,525,971), a saponified substance of a polyacrylonitrile 
( JP-A-53-80493) , a saponified substance of a copolymer of a 
vinyl ester-an ethylenic unsaturated carboxylic acid 
( JP-B-52-27455) , or a cross-linked substance of polyethylene 
oxide, polyvinyl alcohol, polyvinyl pyrrolidone, poly (sodium 
acrylate) , polyacrylamide, a copolymer of poly (sodium acrylate) 
and polyacrylamide, carboymethyl cellulose, dextran, pullulan. 

In particular, the effect is significant in a cross-linked 
substance of a copolymer containing a monomer unit of acrylic 
acid and/or an alkali metal salt thereof, at least in the main 
chain, and among others, the case of a cross-linked substance 
of polyacrylic acid (or poly (sodium acrylate)) is preferable, 
because effect of the present invention is significant. Further, 
in the case of the hydrogel obtained by subjecting acrylic acid 
and/or an alkali metal salt thereof to reversed phase suspension 
polymerization of a water in oil type, effect of the present 
invention is still more significant. 

As the water-soluble polymer for coating the hydrogel used 
in the present invention, it is not especially limited as long 
as it is a water-soluble polymer, which has easily wetting 
property to water or is easily soluble in water. For example, 
there is included, polyvinyl alcohol, polyethylene oxide, 
polyethylene glycol, polypropylene glycol, polyacrylamide, 
methylcellulose, ethylcellulose, carboxymethyl cellulose, 
hydroxyethyl cellulose, hydroxypropyl cellulose, dextrin or 
sodium alginate etc.. In particular, polyvinyl alcohol, 
polyethylene oxide, polyethylene glycol, hydroxypropyl 
cellulose and dextrin are preferable. Among others, 
polyethylene oxide and polyethylene glycol are particularly 
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preferable. In addition, molecular weight thereof is not 
especially limited. 

In addition, as for the water-soluble surfactant for 
coating the hydrogel used in the present invention, it is not 
especially limited, however, a nonionic surfactant is 
preferable, and further, one having an HLB of equal to or higher 
than 10 is preferable. For example, there is included a 
polyoxyethylene alkyl ether (alkyl group: C 12 *~Cib) , a 
polyoxyethylene alkyl phenol ether (alkyl group: C 8 -Ci 8 ) , a 
polyoxyethylene sorbitan fatty acid ester (fatty acid: Ci2~Ci 8 ) , 
a polyoxyethylene acyl ester, • a block polymer of 
oxyethylene-oxypropylene, a monoglyceride of fatty acid etc. . 

In the present invention, as a method for coating the 
hydrogel with a water-soluble polymer and/or a water-soluble 
surfactant, known methods may be applied. For example, there 
is adopted a method for spraying an aqueous solution of the above 
water-soluble polymer and/or water-soluble surfactant to the 
hydrogel and then drying it; or when the water-soluble polymer 
and/or the water-soluble surfactant dissolve in a usual organic 
solvent, a method for immersing the hydrogel in the solution 
dissolved therewith, and then drying it; or in the case of the 
hydrogel obtained by subjecting acrylic acid and/or an alkali 
metal salt thereof to reversed phase suspension polymerization 
of a water in oil type, a method for adding the water-soluble 
polymer and/or the water-soluble surfactant as themselves or 
as a solution to a polymerization dispersing solution, after 
the polymerization, and then drying; etc. . In the present 
invention, amount of the water-soluble polymer and/or the 
water-soluble surfactant to be coated onto the hydrogel is in 
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a range of 0.001% by weight to 50% by weight, preferably in a 
range of 0.01% by weight to 20% by weight, and still more 
preferably in a range of 0.01% by weight to 10% by weight, 
relative to the hydrogel. 

The hydrogel, having high water-absorbing rate, of the 
present invention, obtained by the above method, is one which 
is capable of swelling by rapidly absorbing water without 
generation of "'undissolved lump of f lour" ' phenomenon, in 
contacting with water, as described at the beginning. In 
addition, it is not one which loses original water-absorbing 
ratio of the hydrogel. It is advantageously used in various 
hygienic materials, where water-absorbing rate is particularly 
important, for example, application fields such as a disposable 
diaper, a tampon, hygienic cotton, a bandage, a sanitary napkin . 
It is also suitably used in other applications such as a 
separation agent of water in oil, other dehydration agents or 
drying agents, or a water-holding agent for plants or soil, a 
liquid chromatography carrier or other various applications 
utilizing water-absorbing property ■ and water retention 
characteristics, because high water-absorbing rate is 
preferable as the hydrogel. 

The hydrogel, having high water-absorbing rate, of the 
present invention may be added with a colorant, perfume, other 
additives or various inorganic or organic fillers etc., within 
a range not to give adverse influence on properties thereof. 
Further, the hydrogel of the present invention may be used in 
combination with paper, fiber, cloth and other different 
materials . 

Explanation will be given next in detail on the present 
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invention with reference to Examples, however, the present 
invention should not be limited thereto. 

It should be noted that water-absorbing ratio in Examples 
was represented by: 

Water-absorbing ratio=gel weight after absorption/dried 
gel weight 

In 'addition, parts represent parts by weight. 
In addition, water-absorbing rate was measured as follows; 
50 cc of water was added into a 100-cc beaker, and 0.5 g of the 
hydrogel was added under stirring, and all of the water was 
absorbed, and a time required till water fluidity is lost was 
measured, and it was represented as water-absorbing rate. 
Comparative Example 1 

.188 parts of water was charged into a polymerization tank, 
and 44.7 parts of sodium hydroxide was added and dissolved under 
stirring. Then 100 parts of acrylic acid was gradually added 
under ice cooling, for neutralization under stirring. 0.0667 
part of potassium persulfate and 0.01 part of 
N, N' -methylenebisacrylamide were added. 

Further, 6 parts of sorbitan monostearate and 470 pars of 
normal hexane were added under stirring to be subjected to 
polymerization at 60°C for 8 hours. After completion of the 
polymerization, solid was separated from liquid and by drying 
under reduced pressure, dried hydrogel powder was obtained. 
Water-absorbing ratio of the resulting hydrogel was 850 g/g. 
In addition, water-absorbing rate was 85 seconds. 
Example 1 

0.5 part of polyethylene oxide (average molecular 
weight=800, 000) was dissolved into 100 parts of methanol, and 
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2 parts of the hydrogel obtained in Comparative Example 1 was 
added and stirred for 10 minutes, and subjected to filtration 
with a glass filter, and drying under reduced pressure. Coating 
amount (weight increase) was 0,1 parts. Water-absorbing ratio 
of the resulting hydrogel was 800 g/g. In addition, 
water-absorbing rate was 8 seconds. 
Example 2 

predetermined amount of a- water-soluble polymer or a 
water-soluble surfactant was dissolved into a predetermined 
solvent, and 2 parts of the hydrogel obtained in Comparative 
Example 1 was added and stirred for 10 minutes, and subjected 
to filtration with a glass filter, and drying under reduced 
pressure. Coating amount, water-absorbing ratio and 

water-absorbing rate of the resulting hydrogel are shown in 



Table 1. 
Table 1 



Solvent 


A/B 


c 

part 


D 

(g/g) 


E 

(second) 


Kind 


Amount 
{parts) 


Kind ■ 


Amount 
(part) 


Methanol 


100 


Hydroxy propyl cellulose 


0.5 


0.1 


780 


12 


Methanol/ 
water (8/2) 


100 


Methylcellulose 


0.5 


0.15 


760 


18 


Methanol 


100 


Polyvinylpyroridone 


0.5 


0.08 


810 


15 


Methanol 


100 


polyoxyethylen nonyl 
phenol ether (HLB 13.7) 


0.5 


0.04 


830 


21 


Methanol 


100 


polyoxyethylen oleyl 
ether (HLB 10.0) 


0.5 


0. 03 


820 


20 



A: Water-soluble polymer 



B: Water-soluble surfactant 

C: Coating amount (weight increase) 

D: Water-absorbing ratio 

E: Water-absorbing rate 
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Comparative Example 2 

0.5 part of benzoyl peroxide as a polymerization initiator 
was added into 6.0 parts of vinyl acetate and 40 parts of methyl 
acrylate, , and the mixture was dispersed into 200 parts of water 
containing 0.2 part of partially saponified polyvinyl alcohol, 
as a dispersing agent, and 8 parts of sodium chloride, and 
subjected to suspension polymerization at 60°C for 6 hours. 
After the polymerization, the solution was filtered, washed with 
water and dried under reduced pressure. Into a saponified 
solution composed of 200 parts of methanol, 10 parts of water 
and 40 parts of 5N NaOH, 8.6 parts of the dried copolymer was 
suspended to be subjected to a saponification reaction at 25°C 
for 1 hour, and then raised temperature up to 65° for the further 
saponification reaction for 5 hours. After completion of the 
saponification reaction, by sufficient washing with methanol 
and drying under reduced pressure, hydrogel with a spherical 
shape was obtained. Water-absorbing ratio of the resulting 
hydrogel was 750 g/g. In addition, water-absorbing rate was 82 
seconds. . 
Example 3 

0.5 part of polyethylene oxide (average molecular 
weight=500, 000) was dissolved into 100 parts of methanol, and 
2 parts of the hydrogel obtained in Comparative Example 2 was 
added and stirred for 10 minutes, and subjected to filtration 
with a glass filter, and drying under reduced pressure . Coating 
amount (weight increase) was 0.12 parts. Water-absorbing ratio 
of the resulting hydrogel was 730 g/g, and in addition, 
water-absorbing rate was 12 seconds. 
Example 4 
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1 part of the hydrogel obtained in Comparative Example 2 
was charged into a beaker, and a solution dissolved with 0.1 
part of a predetermined water-soluble polymer into 10 parts of 
water was uniformly sprayed therein, and subjected to drying. 

By crushing the agglomerated one after drying, it was 
disrupted to beads-like substance. Water-absorbing ratio and 
water-absorbing rate of the resulting hydrogel are shown in 
Table 2. 



Table 2 



Kind of water-soluble 
polymer 


Water-absorbing 
ratio (g/g) 


Water-absorbing 
rate (second) 


Dexstrin 


720 


12 


Hydroxyethyi cellulose 


730 


18 


carboxymethyl cellulose 


720 


25 


polyvinyl alcohol 


700 


15 
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